INTRODUCTION
T he fibre content of the human food has been considered to be a significant factor which influences the physiology of the bowel and that of the large intestine. One major problem in the analysis of dietary fibre is the manner in which the fibre is expressed. Studies based on crude fibre measurements are usually much lower than cell wall values because of the removal of hemicellulose and lignin. Consequently analysis based on crude fibre does not rank food in the same order as dietary fibre. The original description of dietary fibre by Trowel (1972) was "that portion of food which is derived from cellular walls of plants which is digested very poorly by human beings". According to Englyst and Cummings (1990) and Englyst et al, (1992) amongst others, this definition has been found to be only a physiological concept. Of recent dietary fibre has been considered to be composed of non-starch polysaccharides plus lignin, resistant oligosaccharide and resistant starch (Englyst and Cummings, 1987; Englyst et al., 1993) . The resistant starch consist of physically trapped starch (RS1), resistant starch granules (RS2) and retrograded starch (RS3) (Bright-See and Jazmaji, 1991; Muir et al., 1993) .
The most important property of fibre is its ability to serve as a substrate for microbial gastrointestinal fermentation and this ability also
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Full Reseach Article depends on the amount and type of substrate available (Cummings and MacFarlane, 1997) . The degradation of dietary fibre by bacteria in the large intestine by persons consuming the Western diet has been extensively studied (Englyst and Cummings, 1987; Wedekind et al., 1988; Steven et al., 1988; Montgomery, 1988; Englyst et al., 1988; Bingham et al., 1990; Anderson and Bridges, 1993; Muir et al., 1993) . They found that there were substantial quantities of undigested food residues reaching the large intestine most of which are digested by the gut microflora. Their findings also elaborated on the protective nature of these fibre rich diet against certain heart and colorectal diseases.
Most of the foods consumed in Nigeria are rich sources of these fibre components but literature on this is scanty (Adams-Campbell et al., 1993) . Studies where available were more on crude fibre analysis which does not have much correlation with the fibre component fermented by the gut microflora (Adamson, 1985; Adekunle and Funmilayo 1986) . Gari a fermented cassava product is a staple food for most people in the Eastern Sates of Nigeria. It is known to be rich in starch but the unit operations involved in processing the raw cassava tuber to a partially dextrinised and gelatinized product known as gari may have resulted in the production of resistant starches that could not be readily digested by the gastric enzyme but serves as substrates for the gut microflora. This study therefore aimed at investigating degradation of the fibre extracted from gari by the faecal bacteria. The effect of the faecal extracellular polysaccharidases on the fibre and some other fibre components common in foods will also be investigated.
MATERIALS AND METHODS Dietary Fibre Extraction
A modified method of Theander and Westerlund (1986) and Englyst et al., (1982) was employed. The method consists of gelatinization of starch followed by enzyme hydrolysis of the gelatinized starch. About 3 g of the gari sample was extracted in 50-ml glass centrifuge tube. Prior to the dietary fibre extraction, the free sugars were extracted using 80% ethanol (3 x 75 ml; 15 min) under reflux. Afterwards, it was decanted and the insoluble residue was dried under a stream of warm air, cooled and a portion was transferred to the glass centrifuge tube for the extraction of the dietary fibre constituents as follows: Two grammes of the dried residue were suspended in 10 ml of 0.1 M acetate buffer solution (pH 5.2). The buffer contained 4 mM calcium chloride to stabilize and activate the enzymes. A magnetic stirring bar was added and the tube was placed in a water bath for 1 hr, st irring continuously to gelatinize t he starch. Heat stable amylase, Termamyl 120L (0.2 ml) was added to the gelatinized samples and incubated at 100 0C for 15 min with continuous stirring. The tubes were removed from the water bat h and 40 ml of absolute ethanol was added. The tubes were then placed in an icewater bath for 30 min to precipitate any solubilized dietary fibre components. The precipitate was pelleted by centrifugation at 2000 x g for 15 min at ambient temperature. The supernatant containing the soluble sugars or hydrolyzed starch was removed by aspiration and was discarded. The pellet was then placed in 8 ml of 0.1 M acetate buffer pH 4.5 and 0.1 ml of amyloglucosidase suspension was added, thoroughly mixed and incubated at 37 0C for 35 min. The residue after digestion was recovered by ethanol precipitation and centrifugation as previously described the supernatant was discarded as above. The residue was dried at 100 0C. The residue served as the total dietary fibre (soluble and insoluble) obtained from gari and referred to as gari fibre in this study.
Subjects
Six clinically healthy persons ages 25 to 40 years, participated in the study. There was no controlled diet they were used, based on their usual food habit.
Stool Samples
Stool samples labeled S1, S2, S3, S4, S5 and S6 were collect ed in a double layered polyet hylene bags which were chilled immediately in an insulated ice-box containing two packs of ice blocks
The samples were t ransported to the laboratory within 2 hr of collection. They were kneaded to ensure thorough mixing.
Preparation of Faecal Isolates
Anaerobic Dilution Solution (ADS) used in the study contained the following ingredients per Litre of the solution: Mineral solution 1, 33 ml; mineral solution 2, 75 ml and resazurin (0.1%, w/v), 1.0 ml. Mineral solution 1 contained 8g/lit K 2 HPO 4 in distilled water. Mineral solution 2 contained the following in g/lit; K 2 HPO 4 , 4.8; NaCl, 12; (NH 4 ) 2 SO 4 , 12; CaCl 2 .6H 2 O 2.4; MgSO 4 , 2.5. The salts were dissolved separately in 200 ml distilled water, mixed in the order given and the volume made up to a litre. The solutions for the ADS were mixed, boiled under carbon dioxide and autoclaved at 1210 O for 15 min. The solution of sodium thioglycollate, a reducing agent, (2% v/v) was added after autoclaving (Ljungdahl and Wiegel, 1986) . One gram of the faecal material was transferred into a tube containing 9 ml of ADS. The slurry so obtained was used as the stock solution. Nine milliliters of Schaedler's broth (Oxoid) was inoculated with 1 ml of the faecal slurry (stock solution) in a glass bottle (bijoux bottle) and incubated for 2 days at 37 O C. The bacterial isolates so obtained were used to seed the supplemented medium.
Preparation of Supplemented Medium
Basal supplemented medium 10 (BSM10) was prepared as described by Caldwell and Bryant (1966) but without the addition of the carbohydrates and volatile acids. The medium was supplemented with liver extract and chicken faecal extract (Barnes and Impey, 1974) and was prepared as follows: Amounts in g/litre; yeast extract, 0.5; trypticase, 2.0. Amounts in ml/litre: mineral solution 1, 37.5; mineral solution 2, 37.5; haemin, (0.1 ml/ml), 10; resazurin (0.1%, w/v), 1; liver extract 5% (v/v); chicken faecal extract, 10% (v/v). Carbohydrate content was 0.1% (w/ v) of gari fibre. The control sample did not contain any carbohydrate. The mixture was autoclaved (121 O C, 15 min) The bacterial isolates grown in Schaedler's broth (SB, Oxoid) (1 ml) were used to seed the supplemented medium. Test cultures were incubated at 37 O C at 0, 12, 24, 36, 48, 60 and 72 h. The cultures were each centrifuged and the reducing sugars produced were determined by the method of Miller (1959) . In each of the stages described above strict anaerobic techniques were maintained and all manipulations were carried out under a stream of carbon dioxide (Ljungdahl and Wiegel, 1986) .
Extraction of Enzymes
Stool samples were homogenized in a chilled 50 mM potassium phosphate buffer pH 7.0 (1:1). Chilled aliquots were centrifuged at 2500 x g twice for 30 min. The supernatant fluids were concentrated at 4 O C using polyethylene glycol (PEG, 6,000). A suitable quantity of PEG was placed in a cellulose dialysis Visking tubing size 2-18/32 (Hedigell International Ltd. England). The bag was placed in the supernatant fluid and kept at 4 O C for 12 h to concentrate the supernatant. The concentrated fraction was used as the extracellular enzyme source.
Enzyme Assays
The enzymes that catalyze t he depolymerization of each of these substrates; soluble starch, xylan, carboxymethylcellulose (CMC) and polygalacturonic acid (PGA) were assayed separately by measuring the release of reducing groups from these substrates during the incubation of the enzyme-substrate mixtures. The enzyme reaction mixture contained 0.5 ml of the concentrated enzyme fraction, 4.5 ml of 1% substrate (soluble starch, xylan, CMC and PGA) dissolved in 50 mM Na-Acetate buffer pH 5.5. The final pH of the mixture was 6.8. The mixture was incubated at 37 O C for 1 h. The reaction was stopped by heating at 100 O C for 5 min. Aliquot (1 ml) was assayed for reducing sugars by the dinitrosalicylic acid (DNS) method of Miller (1959) using glucose as a standard. The amount of reducing groups in the reaction mixture was determined colorimetrically with a UV/Visible spectrophotometer (SP-600). Zero time reactions were used as controls. Enzyme activity was expressed as specific activities (units/mg protein). One enzyme unit was equivalent to ìg reducing sugar formed/min. The effects of the microbial exracellular enzymes on the gari fibre were also studied. Pooled fractions of the concentrated supernatant obtained above (S1, S2, S3 as one fraction and S4, S5, S6 as the second fraction) were added to different concentrations (0.1, 0.25, 0.5, 0.75 and 0.1% w/ v) of gari fibre. The amount of reducing sugars released and t he enzyme activities were determined..
Determination of Reducing Sugars
The DNS reagent was prepared by mixing Reagents A and B until all the compounds dissolved. Reagent A contained 225 g of potassium sodium tartarate in a mixture of 800 ml of 1% dinitrosalicylic acid and 300 ml 4.5% Na0H. Reagent B contained 6.9 g of sodium metabisulphite dissolved in 69 ml of Reagent C. Reagent C was prepared by mixing a solution of 22 ml 10 % Na0H and 10 g crystalline phenol made up to 100 ml with distilled water. Three milliliters of the DNS reagent was added to 1 ml of the test sample. The mixture was boiled for 15 min. the resulting color was measured at 540 nm on a UV/Visible spectrophotometer. One milliliter of distilled water was used for the blank.
Determination of Protein in Enzyme Fraction
The protein content of the crude enzyme was determined by the method of Lowry et al., (1951) . Ten milligram's of Bovin serum albumin (BSA) in 50 ml of distilled water was used as the standard stock reagent composition. From this st ock solution, serial dilutions with appropriat e volume of wat er t o give concentration ranging from 0.01 to 0.2 mg/ml were prepared. One milliliters of freshly prepared alkaline copper solution was added to 5 ml of the test solution and allowed to stand at room temperature for at least 10 min, 0.5 ml of the diluted Folin-C reagent was added rapidly, and then mixed immediately. After 30 min, the absorbance against the appropriate blank was read at 750 nm. Protein concentration of the test solution was read from the standard curve of Bovine Serum Albumin (BSA, Sigma, USA). .The alkaline copper solution contained 50 ml of 2% Na 2 C0 3 in 0.1 M Na0H added to 1 ml of 0.5% CuS0 4 .5H20 (the solution of t he CuS0 4 .5H 2 0 was made in 1% sodium potassium tartarate).
RESULTS AND DISCUSSION
The ability of faecal micro-organism to degrade the gari fibre was monitored by measuring the reducing sugars released during the incubation period. The results are presented in Fig. 1 . The breakdown of the fibre varied considerably between the subjects. In S1 and S2 reducing sugars increased steadily within the first 24 h to maximum values of 3.8 and 3.4 mg/ml respectively. A steady increase was also observed for S4 till the 48th h while S5 reached the maximum value of 2.7 mg/ml in 36 h. Production of the reducing sugars was most rapid in S3 where the highest value of 4.5 mg/ml was recorded within 12 h (Fig. 1) . The result in Table 1 show that polysaccharide degrading enzymes were present in the faeces of the subjects. Activities of the enzyme degrading starch, xylan and pectin were detectable (Table  1) . Specific activities for the starch degrading enzyme ranged from 2.5 to 5.4 U/mg protein; 0.8 to 3.6 U/mg protein for xylanase and 0.088 to 2.1 U/mg protein for pectinase. There was no cellulase activity in five of the subjects examined, only one of the subjects showed an activity of 0.76 U/mg protein. This agrees with the findings of Stevens et al, (1988) . They reported that large proportions of pectic polysaccharide are readily degraded by bacteria of the human colon but the xyloglucan and cellulose are less readily degraded. The high activities of the starch degrading enzyme suggest the dominant presence of its polymer in the fibre. Similar result was reported by MacFarlane and Englyst (1986) . These workers demonstrated that starch degradation by colon bacteria was complete within 10 h of incubation. They concluded that the gut microflora probably played a major part in the starch break down in the colon and the bacterial amylase activity in faeces was primarily cell-based.
There are numbers of physiological and biochemical factors affecting fermentability. The fermentable portion of fibre resides primarily in the polysaccharide fractions. Other factors include the particle size of the foodstuffs, chemical composition of the polymers and the effect of food processing such as cooking, cooling, drying and freezing. The fermentability of the gari fibre investigated in this study is therefore governed by these factors. According to Fuwa et al., (1980) dietary fibre component reaching the colon includes the resistant starch and the dietary gum. Resistant starch is that starch which is resistant to pancreatic enzymes and they are starch present in whole or partly milled grains or seeds such as corn peas, beans and cracked grains. Some resistant raw starch granules are due to changes in starch structure due to retrogradation which renders the starch resistant to pancreatic amylase (Englyst and Cummings, 1990; Englyst et al., 1992) .
Processing of the raw cassava tuber to gari involves different stages which include reduction in size, fermentation/dextrinization, partial gelatinization and retrogradation. This probably led to the development of resistant starch and some oligosaccharides may be included in the dietary fibre fraction. The dietary fibre extraction procedure in this study did not include the use of dimethylsulphuroxide (DMSO) or K0H for the dispersion of resistant starch, hence the gari fibre so obtained included these starches that resist the amylase. Since heat stable amylase was used at 100 0C, physically enclosed starch (RS1) and resistant starch granules (RS2) will not be included. Thus suggesting that retrograded amylose (RS3) is the main form of resistant starch left in the gari fibre. Lignin and some other non-starch polysaccharide may also be present. The results of this study tend to confirm those of other workers (Anderson et al., 1981; Englyst and Cummings, 1987) . They reported that there are substantial quantities of dietary starch which can resist hydrolysis by pancreatic amylase in the small intestine. MacFarlane and Englyst (1986) also found that there are high levels of amylase activity in human faeces with over 92% of the activity being extracellular. Figures 2 and 3 show the effect of the extracellular enzyme activities in the pooled fractions with varying concentrations of the fibre. The activities at the initial stage increased linearly with increasing substrate concentration in the two fractions. In the pooled fraction of S1, S2 and S3. the initial increase in the enzyme activity dropped when the substrate concentration was between 1 mg/ml and 2 mg/ml, but increased with subsequent increase of the substrate concentration. The S4-S6 fraction behaved differently, after the initial rise in activity, the decrease in activity was between 2.5 mg/ml and 5 mg/ml substrate concentration, further increase in substrate concentration did not affect the activity. These discrepancies may be attributed to the source of enzyme which was a crude extract and thus contain some inhibitors. The rate approached a limiting velocity at substrate concentrations as low as 1.0 and 2.5 mg/ml. Generally, the rate of an enzyme catalyzed reaction over a range of substrate concentration gives a rectangular hyperbolic curve, and the enzyme activity reaches a maximum after a certain level of the substrate concentration. When there is an inhibitor in the enzyme-substrate medium, as the case may be in this study, such curves obtained in this study may be expected. The decrease in activities could be attributed to the action of inhibitor in the system. It also follows that subsequent increase in substrate concentration may cause an increase in activity, if it is a non-competitive inhibitor. With a competitive inhibitor increasing substrate concentration does not dissociate the enzymeinhibitor complex. Results thus obtained suggested the presence of inhibitor(s) in the medium. Further studies may be necessary to invest igat e both t he cell associat ed polysaccharidases and the cell free polysaccharidases in a purified form. For technical reasons it was not possible to study this area, however it is believed that the results of this study will help in the understanding of the nature of the dietary fibre from gari as affected by the gut microflora. Degradation of dietary fibre from gari………............................................................................................. Uzomah A. 
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